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SECTION  ONE,  INTRODUCTION 


This  report  provides  information  on  operational  features  of  the  BRAZO  missile  and 
the  test  facilities  which  have  been  developed  to  test  and  evaluate  the  GTU-5  version  of  this 
missile.  A companion  document  entitled  “BRATF'AC  Master  Test  Plan”  defines  the  test 
program,  the  required  system-integration  activities,  and  the  test-data  collection,  reduction, 
and  analysis  procedures  which  are  being  implemented  to  verify  the  BRAZO  weapon-system 
performance. 


BRAZO  BACKGROUND 

The  Navy  and  Air  Force  tactical  air  missions  require  air  superiority  in  high-density 
engagements  and  in  highly  sophisticated  electromagnetic  environments.  Passive  radar  detec- 
tion, discrimination,  and  anti-radiation  homing  (ARU)  and  guidance  techniques  provide  a 
significant  potential  for  improvement  in  US  air  power  as  well  as  denial  to  the  enemy  of  the 
free  use  of  airborne  radar  systems. 

The  passive  homing  capability  of  the  BRAZO  air-to-air  missile  provides  a weapon 
which  can  passively  engage  hostile  aircraft  which  emit  rf  energy  whether  they  be  surveillance, 
command  control,  intercept,  or  jammer  units.  Passive  guidance  provides  launch  and  maneu- 
ver capabilities  with  an  inherent  potential  for  use  against  surface  targets  whose  radiation 
bands  overlap  those  of  the  air-target  threats. 

BRAZO  is  an  outgrowth  of  the  Electromagnetic  Radiation  Source  Elimination 
(ERASE)  program  which  sponsored  the  design  and  development  of  Anti-Radiation  Missile 
(ARM)  sensor  technology.  The  development  of  technology  to  support  the  seeker  require- 
ments (eg,  radome,  antenna,  local  oscillator.  IF  processor,  and  video  processor)  was 
approached  from  the  baseline  capabilities  established  in  ERASE.  Brassboard  hardware  was 
fabricated  and  designed  as  the  Mod  0 seeker.  Laboratory  tests,  anechoic-chamber  tests, 
sled  tests,  and  captive-tlight  tests  validated  the  seeker  design.  Flightworthy  seekers  were 
then  fabricated  and  integrated  with  an  A1M-7E-2  airframe  and  control  system.  An  F-41) 
aircraft  was  modified  to  accept  the  BRAZO  A1M-7E-2  interface  wiring  and  control  and 
display  hardware.  The  Demonstration  Test  (sled,  captive,  guidance)  was  conducted  at 
Holloman  Af'B,  New  Mexico.  Milestones  for  the  early  development  activities  of  BRAZO 
are  shown  in  figure  1.  Following  the  successful  demonstration  tests  at  Holloman,  fabrica- 
tion of  GTU-5  was  begun. 
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F'jgure  I.  BRAZO  demonstration  project. 


GTU-5  OBJECTIVES 

{'iTU-5  is  Being  ititegrated  at  the  BRAZO  Test  Facility  (BRATF'AC)  with  a railar- 
warning  receiver  ( RWR  i.and  the  AF'RO-1  A weapons-control  system  to  comprehensively 
evaluate  the  system’s  ability  to  passively  acquire  a target,  display  and  designate  the  threat, 
and  hand-off  to  the  AFRO-1  A for  acquisition,  lattnch-zone  computations,  and  missile 
initiali/.atioti.  Data  derived  from  the  tests  will  be  utili/ed  to  prepare  specifications  for  the 
Advanced  Development  Version  ( ADM  1 of  BRAZO. 

(iTU-5  implements  a digitally  controlled  version  of  the  analog  (jTU-1,  2.  3.  and  4 
models.  The  following  functions  were  selected  for  digital  implementation: 

F’latform  stabilization. 

Pulse  tracking. 

Threat  storage. 

Ihreat  identification. 

Frequency  tracking. 

Angle  tracking,  and 

Steering  gain  and  time-to-go. 


TEST  FACILITY  CONFIGURATION 

A completely  integrated  test  lacility  will  be  used  to  test  the  BR.AZO  concept.  The 
major  elements  of  the  BRAZO  Test  Facility  (BRATF  AC)  include  an  F-4B  mounted  on  a 
5-inch  gun  turret,  the  (iTU-5,  BRAZO  Avionics  luiuipment.  operational  and  test  software. 
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instrumcMitatioti,  test-van.  and  on-site  test  t'aeilities.  I’lie  major  BRATF'AC  system  compo- 
nents are  shown  in  block  diagram  form  in  figure  2.  Altliough  the  (iTU-5  missile  aiul 
BRAZO  Avionics  l\|uipment  (BRAVIi)  are  either  brass-board  or  “off-the-shelf,  stand-in" 
equipments,  they  are  electncally  equivalent  ami  fully  operational. 


figure  2.  BRATf  AC  system. 


ADVA.NCEI)  PROGRAM  PLA.NNING 

I'he  Ci'rU-5  test  ami  evaluation  program  W'ill  provide  the  ilata  ini'ormation  base 
fr>r  the  follow-on  BRA/.O  lievelopmcnt  ami  test  (thases.  Subset)uent  activities  which  are 
antieipateil  for  the  BRAZO  program,  incliuimg  their  relation  to  critical  program  decisions, 
are  illustrated  in  ligure  3.  As  shown.  BRA'n  .AC  is  utili/eil  as  a sell-containal.  low-cost 
facility  for  evaluating  each  phase  of  BRAZO  rievelopment. 
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SECTION  TWO.  BRAZO  SYSTEM  OPERATION 


The  BRAZO  system  is  designed  to  attack  and  destroy  enemy  airborne  targets  by 
detecting,  identifying,  and  tracking  the  target’s  electromagnetic  emissions. 


TACTICAL  FEATURES 

Tactical  utilization  of  BRAZO  involves  the  integration  of  the  missile,  the  aircraft 
missile-control  system,  and  on-board  radar-warning  receiver  (RWR),  and  appropriate  inter- 
face elements  (fig  4).  The  integration  of  these  systems  provides  these  system  characteristics 

Identification  of  all  waveforms. 

Operation  in  a dense  electromagnetic  environment. 

Prioritized  display  and  designation  of  targets. 

Prelaunch  target  selection  and  missile  initialization. 

Accurate  mid-course  and  terminal  homing,  and 
Home-on-jam. 


figure  4,  BRAZO  system. 

The  RWR  provides  the  weapon  system  with  an  all-aspect  (360°),  detection-range 
capability.  In  the  critical  forward  area,  the  missile  seeker  significantly  extends  the  RWR 
range  capability  as  shown  in  figure  5.  Characteristics  of  the  separate  systems  which  com- 
prise the  total  missile  system  are  shown  in  table  1. 


brazo 
steerable 
- CONE 

BRAZO  SEARCH  PATTERN 


t ^ 


RWR  DETECTION  PATTERN 


F igure  5.  IX'leclion  patterns. 

TABLF:  I.  SVSTf  MS(  llARACThRISTICS. 


BRAZO  MISSILt 

• PULSF  SORTING  AND  TRACKING 

• THRF  AT  HAND-OFF  TO  AVIONICS 

• GUIDANCF  AND  STABILIZATION 

• POSTFAUNCII  MODF  CONTROL 

RADAR  WARNING  SYSTFM 

• 360°  LFTIIAF.  TIIRFAT  DE-TF.CTION 

• TURNING  ( OMMANDS  TO  MISSIFF 

• ( I ASSIFICATION  AND  PRIORITIZATION  OF  MISSILF-DFTFCTFD  TARGFTS 

• DISPLAY  OF  PRIORITY  TARGFTS 

• PARAMFiTFRS  HAND-OFF  TO  WFAF’ON  CONTROL  SYSTE  M 

• CORRE  LATION  OF  PASSIVK  AND  ACTIVE;  DATA 

WE  APON  CONTROI.  SYSTFM 

• ACTIVE  TRACK  OF  PRIORITY  TARGET 

• LAUNCH  ZONi;S  AND  STEERING  COMMANDS CALCUE.ATION  AND  DISPLAY’ 

• MISSIE.F  PRI.LAUNCH  FUNCTIONS  CALCULATION  AND  IMPLEMENTATION 

• IN-RANGF  MISSILE  E.AUNCH 


Several  alternative  means  tor  ileterntinini:  range-to-target  will  be  exatrtineil  Ouring 
BRATF  AC  testing: 

Normal  A I radar  range, 

AI  burst  from  BRAZO  cue. 
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Tactical  data  link  (air  to  ground), 

('iCl  vectonng,  and 
Range  from  wing  man. 

Other  tactical  features  ol  BRAZO  include  its  ability  to  lock  on  before  launch,  separate  tar- 
gets 111  clusters  (figure  b)  or  in  a stream,  and  its  capability  tor  all-aspect  detection  and  track 
(including  the  minor  lobes  of  enemy  emitters).  I'he  utilization  of  BRAZO  in  a bistatic 
mode  will  be  evaluated  for  short-range  and  dog-fight  applications.  This  mode  would  be 
implemented  using  the  aircraft  airborne  interceptor  (Al)  radar  as  an  illuminator.  Controls 
and  displays  are  available  to  the  pilot/operator  for  controlling  the  modes  and  functions  of 
the  .\l  radar,  the  RWR.  and  the  missile,  for  observing  selected  targets  and  launch  zones,  and 
lor  determining  range  and  position  of  targets. 


TACTICAL  OPERATION 

I he  BRAZO  test  facility  is  designed  to  simulate  tactical  operating  conditions  in 
order  to  provide  a meaningful  evaluation  of  BRAZO  performance.  What  follows  is  a descrip- 
tion of  the  processes  involved  in  operation  at  BRATTAC. 

Ihe  BRAZO  system  is  initiated  by  the  operator  depressing  the  BRAZO  button  on 
the  Mode  Control  and  Status  Unit  (MCSU).  The  system  then  enters  a ('LI  AR  mode  in 
which  the  .Missile  Data  Processor  (MDP)  and  the  advanced  radar  warning  system  (ARVV'S) 
(subse(|uently  reterenced  as  A l AC'BAP)  are  initializcHl.  I his  (.'l.l  AR  mode  must  be 
entered  betore  any  other  BRAZO  tunction  can  he  performeil.  CLI  AR  may  be  entererl 
Iron)  any  other  system  mode  to  re-initiali/e  tlie  system  in  the  event  of  a lost  target  or 
inability  to  (liul  a specific  target. 


I I 


Alter  initialization,  the  operator  may  then  command  the  system  to  search  for  targets. 
I his  lie  does  hy  depressing:  the  Sf'ARril  button  on  the  BRAZO  Control  Panel  (BCP).  Hus 
causes  the  system  to  enter  the  SliARCH  mode.  While  in  this  mode,  BRAZO  searches  for  tar- 
gets and  the  A T.A('  BAP  displays  them  hy  priority  to  the  operator. 

riie  operator  may  then  choose  to  track  a target  hy  depressing  the  step-reset  switch 
on  the  MCSII  until  his  chosen  target  is  in  the  “highest  priority"  position  on  the  ARVVS  dis- 
play tube  (CRT).  I RACK  moile  is  initiatetl  by  depressing  the  TRACK  button  on  the  BCP. 
The  missile  then  attempts  to  lock  on  the  highest  priority  target  anil  notifies  the  operator 
when  parameter-track  lock  on  is  achieved.  It  lock  on  cannot  be  achieved,  or  it  the  target  is 
lost,  the  operator  is  notified.  At  Ihis  point,  A I AC  BAP  may  choose  to  again  enter  the 
ST.ARC  II  mode  or  the  Cl, TAR  mode  using  the  time  the  lost  target  was  tracked  to  determine 
which  mode  to  enter. 

.\tter  parameter-track  lockon,  the  operator  may  choose  to  simulate  a launch. 

I .\I  NCII  mode  is  commanded  by  depressing  the  l.AUNCH  button  on  the  BCP.  When 
"angle-lock"  is  achieved,  the  operator  is  notified  and  the  missile  may  be  launched  or  the 
system  may  be  cleared.  .A  simplified  outline  ol  the  operational  seiiuence  is  shown  in  figure 
7 I he  .A  I AC/BAP  and  MDP  operations  are  explained  m greater  detail  in  Section  5. 


t igiiie  7.  Opcialional  set|uenee  of  BRAZO. 


SECTION  THREE,  MISSILE  DESCRIPTION 


The  BRAZO  test  configuration  consists  of  a passive  anti-radiation  homing  (ARM) 
seeker  ((]TU-5)  integrated  with  a SPARROW  (AIM-7E-2)  airframe  and  control  system.  The 
passive  seeker  replaces  the  original  semiactive  guidance  unit.  The  SPARROW  telemetry  unit 
was  adapted  to  BRAZO  requirements  and  the  autopilot  was  modified  and  adjusted  for  elec- 
trical compatibility  with  the  seeker.  The  BR/\ZO  test  configuration  airframe  containing 
locations  of  the  major  subsystems  is  shown  in  figure  8. 


Figure  8.  BRAZO  test  configuration. 


SEEKER 

The  Seeker  consists  of  the  radome,  sensor,  digital  processor,  and  electrical  conversion 
unit  subsystems.  It  operates  over  a multioctave  frequency  range,  detects  and  processes  target 
radar  transmissions,  and  provides  guidance  data  to  the  steering  section  of  the  missile.  A func- 
tional block  diagram  of  the  seeker  is  provided  in  figure  9. 
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ANTENNA  AND 
RADOME  PLATFORM 


1.  =*  Sum  signal 

■P  * Munopulse  pitch 

AY  * Monopulse  YAW 

0 ■ Omni  signal  ^ 

OR  » Omni  real  signal 

01  ” Omni  image  signal 

■ F » IF  output  (coarse  frequency) 

€2P  » Pitch  error 

Gy  - YAW  error 

DISC  • Output  of  discriminator  (fine  frequency) 

higurc  Seeker  tunctional  block  diagram. 

RADOMI 

BRA  Ti  A(  tests  will  he  eoiuiueteil  iisiiip  un  X-inch  hemispherical  railome  as  a “staiul- 
in.”*  I he  pertormatice  ol  this  raclome  was  veritieil  in  earlier  anechoic  chamber  tests  ami  it 
was  used  lor  numerous  captive-llit>ht  tests  in  the  F -41)  aircraft  at  Holloman  AFB.  Its  use 
eliminates  the  introduction  of  unpredictahle  errors  into  the  measurements. 


•I  inch  = approx  2.^.4  iiini 
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SF  NSOR  ANTl-NNA  ASSFMBLY 


The  antenna  assembly  converts  the  microwave  signals  to  monopulse  sum  and  dilTer- 
ence  signals.  The  antenna  assembly  is  mounted  on  the  SPARROW  stabilized  antenna  plat- 
form and  provides  line-of-sight  rate  signals  for  missile  steering.  The  antenna  consists  of  four 
direction-finding  (I)F')  elements  positioned  as  a diamond  with  a shorter,  fifth  (omni),  ele- 
ment in  the  center  (figure  10).  The  signals  from  the  four  DF'  elements  are  combined  in  a 
monopulse  sum-and-difference  network  to  yield  three  1)F'  channels  ( AP.  AY  and  A ) The 
lifth  element  provides  an  input  to  the  onuvidirectional  channel  for  sidelobe  blanking.  It  also 
provides  the  input  to  an  image-rejection  mixer  for  use  in  separating  the  desired  signal  from 
the  image. 


Figure  10.  GTll-5  five-element  antenna. 

The  hydraulically  controlled  gimbai  subsystem  for  the  antenna  provides  an  angular 
positioning  capability  in  both  the  slave  and  track  modes  of  operation.  The  subsystem  uses 
the  existing  AIM-7F;  unit,  rate  gyros,  and  follow-up  potentiometers  for  feedback  to  stabilize 
the  head-control  subsystem  in  the  track  and  slave  modes,  respectively.  Output  signals  from 
the  head-control  subsystem  are  sensor  line-of-sight  rates  used  for  missile  steering,  and  pitch 
and  yaw  positions  used  to  indicate  head  angles. 


SFiNSOR  RF  ASSFMBLY 

The  rf  assembly  (figure  1 1 ) includes  the  rf  components  and  the  balanced  mixers. 

I he  mixer  system  consists  of  4 mixers,  one  in  each  of  the  2^,  AP,  and  AN'  channels,  which 
are  mounted  on  the  antenna  gimbai,  and  an  image-rejection  mixer  located  off  the  antenna 
gimbai. 
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F igure  II.  Rl  assembly. 


SJ  NSOR  L()(  AL  ()S(  ILLATOK 

Tlic  local  oscillator  ( LO)  subsystem  provides  the  LO  signal  to  the  antenna  mixer 
assembly  for  frequency  translation  of  the  sum  and  difference  signals  to  the  intermediate  fre- 
quency (II  ).  I he  local  oscillator  is  a single  YK'i  oscillatrrr  which  covers  all  of  the  frequency 
bands  of  interest  at  BRA  I f Af  . 


ShNSOR  II  I’ROn  SSOR  SUBSYSTI  M 

The  II-  processor  subsystem  (figure  I 2)  includes  preamplifiers  and  a narrowband  II- 
receiver.  A matched  set  of  three  preamplifiers  is  provided  for  the  sum  (1)  and  the  two  ilif- 
ference  (AP,  AY)  channels:  a matched  pair  is  provided  for  the  omni-real  (OMR)  and  omni- 
image (OMNI)  channels.  I he  If  processor  operates  on  the  angle-tracking  signals  using  a 
commutated  phase-comparison,  amplitude,  monopulse  lechni(|ue.  At  the  input  to  the 
receiver,  the  angle  errors  are  proportional  to  the  dilference-channel  amplitudes.  At  the 


l(> 


constant 


Figure  12  IF  processor  block  diagram. 


output  at  the  preamplifier  section  of  the  receiver,  tlie  sum  and  the  difference  signals  are 
added  in  a quadrature  hybrid  which  transforms  the  differetice-amplitude  information  into 
phase  information.  Since  the  error  (difference)  information  is  now  represented  by  phase 
differences,  signal  amplitude  is  no  longer  critical  and  amplitude  tracking  and  normalization 
is  not  required.  The  outputs  of  the  hybrid  are  amplified  and  hard-limited.  Determination 
of  the  magnitude  of  the  difference  errors,  and  the  direction  of  the  errors  (up,  down,  or  left 
and  right)  is  accomplished  in  a phase-sensitive  detector  whose  output  amplitude  is  propor- 
tional to  the  cosine  of  the  phase  difference  between  the  inputs  and  whose  polarity  defines 
direction  of  this  error.  The  II  processor  also  produces  outputs  which  are  proportional  to 
the  log  of  the  i;  input  level  and  to  the  frequency  of  the  X input  signal. 


MISSILI-;  SFHKFR  DIC.ITAL  PROCFSSOR  (MSDP) 

The  MSDP  consists  of  a CDC-469  computer  integrated  with  a pre-  and  post-processor 
(PAPP).  It  interfaces  with  the  missile  sensor,  the  autopilot,  and  the  ARWS,  and  provides  the 
BRA/.O  functions  enumerated  below: 

Signal  conditioning  and  processing  of  sensor  outputs. 

Frequency  SFARCH, 

Parameter  tracking. 

Angle  tracking. 

Frequency  tracking  (AFC),  and 

Missile  guidance  commands. 

The  MSDP  receives  video  signals  from  the  IF  processor.  These  video  inputs  include 
monopulse  pitch  and  yaw  (AP  and  AY)  to  determine  the  angular  position  of  the  received 
target  signal.  The  amplitude  of  the  signal  is  determined  from  the  sum  video  (2C).  The  fre- 
quency ol  the  signal  is  derived  from  the  output  of  the  discriminator  (DISC)  and  the  coarse- 
frequency  output  ( AF' ) is  tested  to  determine  if  the  signal  is  within  the  bandwidth  of  the 
discriminator’s  output  filter.  A block  diagram  of  the  MSDP  is  shown  in  figure  13. 

PRF-  AND  POSl -PROCFSSOR  (PAPP)  FUNCTIONAF  DFSCRIPTION.  The  PAPP 
performs  A/D  and  D/A  conversions,  the  input/output  signal  processing,  avionics  interface, 
and  the  autopilot  interface.  The  input  signal  processing  includes; 

Analog  signal  conditioning. 

Target  validation, 

A/D  conversion,  and 

Data  storage. 

The  autopilot  interface  includes  D/A  conversion  and  amplification  to  drive  the  autopilot 
and  the  antenna  platform  servos.  The  avionics  interface  consists  of  a !00K-baud  serial- 
parallel  interface  for  message  traffic  between  the  ARWS  and  the  MSDP. 
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Figure  13.  MSDP  block  diagram. 


PAPP  HARDWARH  DESCRIPTION.  The  PAPP  is  made  up  of  the  following  eight 
circuit  boards  located  in  the  chassis  as  shown  in  figure  14  : 

Analog  I, 

Analog  II, 

Analog  111, 

Timing  and  control. 

Counter  logic. 

Arithmetic  and  logic  unit  (ALU), 
f'lFO,  and 
Test  board. 

The  tests  for  correct  frequency,  amplitude,  and  main-lobe  reception  are  performed  on  the 
Analog  I board.  The  signals  which  are  processed  are  shown  in  table  2. 
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Figure  14.  PAPP  locations. 


TABLF  2.  ANALOC;  I SIC.NAL  PROCf  SSlNC;. 


Signal  Designation 

Name  of  Signal 

I'OMR 

OMNI  real  aniplilutle. 

AOMI 

OMNI  image  amplitude. 

Al'DF.  AYDI 

Pilch,  yaw  monopulse  angle  signals. 

AI 

IF  output  (coarse  frequency  I. 

\' 

Sum  amplitude. 

DISC 

Discriminator  output  (fine  frequency). 

/ 

I 

i 

f 

i 


Receiver  quantities  AI  DE'  aiul  LI)E'  are  aimpared  against  thresliokls  set  hy  the  ( IX  - 
4(>‘)  computer  to  determine  that  the  signal  lias  the  correct  Irequency  and  amplitude.  The 
incoming  pulse  is  tested  hy  comparing  the  Al)l-  signal  with  the  I!()MR  signal.  It  1DI-  > i!()MI, 
the  signal  is  Irom  the  main  lohe.  Hie  OMNI  real  signal  is  compared  to  the  OMNI  image  tor 
image  rejection.  II  a pulse  passes  these  tests,  an  A I)  conversion  cycle  is  initiated.  Receiver 
(juantities  A.  AP,  AY.  aiul  DISC  (1)1-  or  OM  ) are  iligiti/ed  anil  held  m a storage  register  tor 
access  by  the  ALU. 

Analog  II  perl'orms  A I)  conversion  ol  servo  inputs  and  serves  as  the  solenoid  drivers 
tor  the  D'A  converters  ol  Analog  III.  The  A 'l)  conversi<m  is  controlled  hy  the  riK'-4h‘) 
computer.  One  ol  the  4 servo  input  signals  (P-gyro,  Y-gyro,  P-plattorm.  Y-platlorm ) is 
selected  and  a conversion  cycle  is  initiated.  1 he  CIX  -4<i^>  computer  then  accesses  the  digital 
data  alter  allowing  sulTicient  time  lor  A/I)  conversion.  I he  analog  platrorm-drive  signals 
Irom  Analog  III  are  amplified  to  drive  the  pitch  and  yaw  hydraulic  solenoids  which  position 
the  antenna  platform.  The  circuitry  which  perl'orms  this  function  was  taken  directly  from 
the  AIM-7.  I he  analog  inputs,  P-OU  1 and  Y-OUT.  are  amplified  and  drive  the  4 solenoids 
P SOL  1 , P SOL  2,  Y SOL  1 , and  Y SOL  2. 

Analog  III  contains  the  h D/A  output  channels,  l/ach  channel  has  a data  register  and 
a D/A  converter.  The  CIX’-4h^  computer  addresses  each  channel  by  the  designated  channel 


20 


address  and  the  D'A  control  bit.  Hie  digital  data  stored  in  the  data  register  are  converted 
to  analog  and  proceed  to  Analog  II  for  amplification. 

The  timing  and  control  hoard  produces  all  clock  pulses,  initiali/ation  timing,  and 
control  codes,  and  contains  a program  counter  for  the  MSDP.  F'or  low-fretjuency  clock 
pulses,  a low-frequency  clock  is  divided  down  to  provide  clocks  which  are  multiples  of 
300  M/..  The  high-frequency  oscillator  provules  clock  pulses  of  20  Mil/,  10  MH/,.  4 Mil/ 
aiul  1 MH/.  Initiali/ation  timing  aiul  the  program  counting  are  proviiled  by  a programmable 
counter.  Combinations  of  the  2 counting  cycles  provnle  various  timing  signals.  1 he  control 
codes  which  specify  all  ALU  operations  and  various  control  commands,  are  implemented  by 
two  l6-by-4  RAM.  a 4-bit  address  counter,  and  a start/stop  count  Hip-llop.  1 he  control 
codes  are  initially  loaded  from  the  CDC-469  computer. 

The  counter  logic  contains  3 sets  of  counters:  PW  counter,  time-event  counter,  aiul 
the  PRI  counter  and  interrupt  logic.  The  PW  counter  is  an  X-bit  binary  counter  counting 
the  duration  of  the  PW  using  a high-frequency  clock.  The  output  of  the  PW  counter  is 
strobed  into  the  PW  register  and  the  8 bits  of  the  PW  register  are  connecteil  to  the  1)1'  OMR 
comparator  output  and  used  as  a Hag  bit.  The  time-event  counter  counts  at  a lower  fre()uenc> 
using  a lb-bit  counter.  Time  event  is  the  amount  of  time  between  the  leading  edges  of  2 
consecutive  valid  pulses.  The  PRF  counter  and  interrupt  logic  keep  track  of  PRI-  ON  and 
OFF  and  send  an  interrupt  to  the  CDC-469  computer  and  the  arithmetic  and  logic  unit 
(ALU)  at  appropriate  times.  These  interrupts  are  used  in  the  ALU  to  initiali/.e  the  integra- 
tion process. 

The  arithmetic  and  logic  unit  (ALU)  performs  pulse  validation  and  integration  by 
successive  appro.ximations.  The  ALU  first  compares  the  four  digital  receiver  inputs  ( AP, 

AY.  PW.  DISC)  with  thresholds  set  by  the  CDC-469  computer.  If  all  pulse  parameters  are 
within  the  thresholds,  integration  of  the  receiver  parameters  begins.  Fxtraneous  targets  are 
filtered  from  the  integration  cycle.  The  operations  performed  by  the  ALU  are  shown  in 
table  3. 


TABLF  3.  ALU  OPFRATIONS. 

A(1R)-^2:(2;r)+  ar, 

A AF-^AAP  + AP. 

A AY-^AAY  + AY, 

APW-^AIAV  + PW,  and 
A DISC  ♦-A DISC  + DISC. 

I hese  partial  sums  are  stored  for  access  by  the  CDC-469  computer. 

The  first-in,  first-out  (I  II  (J)  unit  stores  the  digitized  samples.  R,  P.  Y,  DISC,  and  the 
time-event  count  (TliC).  It  also  provides  the  serial  interface  for  the  MSDP  to  the  BRAVF. 
File  digitized  parameters  from  Analog  I are  each  stored  in  a data  channel.  The  F'lF'O  output 
is  an  X-bit  word  with  2 words  being  used  for  the  TF'C. 

The  eighth  PAPP  board,  the  test  board,  serves  as  the  digital  interface  for  the  data- 
aapiisition  system  and  the  CDC-469  computer.  It  contains  differential  line  drivers  and 
receivers  for  noise  reduction  over  the  cables  to  the  test  van. 


('l)('-4(i9  I’ROCI  SSOR.  The  CIX'-464  processor  consists  ol  a ('IX'-464  computer 
anil  its  associated  utility  software.  The  computer  is  configured  as  a 16-hit,  fractional  two's- 
complement  machine  containing  KOOO  words  of  plated-wire  memory.  I'he  computer  has  a 
I ('-word.  1 6-hit  register  llle,  4 levels  of  priority  interrupt,  and  address  modes.  I he  com- 
puter perlorms  real-time  target  search,  tracking,  and  target-identification  algorithms  using 
threat-tile  data  from  the  ARWS  and  real-time  pulse  parameters  accumulated  m the  I’Al’lf 
It  controls  the  operation  of  the  I’AIM’  based  upon  the  commands  trom  ARWS  and  passes 
data  to  the  ARWS  lor  display.  A description  of  the  ('IX  -464  computer  lunctii'iis  in  the 
various  modes  is  contained  in  Section  6. 


f LTCTRK  AL  C'ONVT  RSION  UNIT 

The  electrical  conversion  unit  (TCU)  converts  available  power  Irom  the  SPARROW 
electrical  power  unit  (I  PU)  for  use  in  the  BR.A/O  seeker.  Power  from  the  I PI;  to  the 
seeker  incluiles  • 100  Vdc,  4 V at  1200  II/,  aiul  +50  Vile.  TIk  I (^'I'  converts  tins  power  to 
i.  5 Vile,  * I 5 Vdc.  and  -20  Vdc  lor  use  by  the  ,MS1)P  and  the  sensor.  Minus  50  Vdc  is 
generated  in  the  LC'U  for  use  by  the  BRAZO  seeker,  fable  4 shows  the  .AIM-71  and  AIM-7 
BRAZO  power  rei|uirements. 


I ABLI  4.  AIM-71  -2  AM)  AIM-7  BRAZO  POWI  R Rl  OIURI  Ml  NTS. 


AI.M-7T-2 

VOLT  At  II 

CURRINT(A) 

BRAZO 

VOLTAtiL 

CURRl  NT  (A) 

+2« 

(SOt  IB  MRING) 

+28 

(.S()CIB  1 IRIN(i) 

Vac.  1200  II/.  2 phase 

2.2  per  phase 

0 Vac,  1200  11/.  2 phase 

2.2  per  phase 

1 l.'i  Vac.  400  11/ 

(III  ATI  Rl 

115  Vac,  400  11/ 

(Ilf  ATI.R) 

+25  Vdc 

4.5 

+25  Vdc 

4.5 

+50  Vdc 

0.1 

+50  Vdc 

0.1 

-100  Vdc 

0.005 

-100  Vdc 

0.005 

+100  Vdc 

0.17.) 

+100  Vdc 

0.17) 

-280  Vdc 

0.0)6 

-20  Vdc 

0.250 

+255  Vdc 

0.102 

+ 15  Vdc 

0.050 

-15  Vdc 

1.1 

+5 

7.6 

-5 

0.2 

TKLI  METRY  UNIT 

The  (i7  U-5  contains  a modified  AN/DKT-.IO  telemetry  (TM)  unit.  A functional 
block  diagram  of  the  telemetry  system  is  shown  in  figure  I 5.  F or  BRATE AC  testing,  the 
summing  network  output  will  be  connected  directly  by  cable  to  the  test  van. 


F'lgure  15.  Modified  SPARROW  TM  unit. 
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SEiCTlON  FOUR.  BRAZO  AVIONICS  FIQUIPMENT  ( BRAVE » 

The  BRAZ.O  avionics  equipment  installed  in  the  BRATl'AC  l'-4B  aircraft  consists 
of  the  following  major  elements: 

ARWS  radar-warning  receiver, 

BRAZO  interface  moilule. 

Weapons-control  system, 

Eire-control  radar,  anil 
Aircraft  displays  and  controls. 

Relationships  between  the  elements  of  the  aircraft  avionics  and  BR.AZO  are  indicated  in 
figure  IP. 


RADAR  WARNING  RECEIVER 


During  BRA  ri'AC  testing,  the  advanced  radar  warning  system  (ARW'S)  is  used  as  a 
i stand-in  radar-warning  receiver  (RWR).  The  ARW'S  is  basically  an  AN  AI.R-4.S  receiver  set 

; coupled  to  a digital  processor  (Hgure  I 7).  The  digital  processor  used  in  the  ARW'S  is  Applied 

[ lechnology’s  Advanced  Computer  (A  I AC).  ARW'S  has  two  major  functions:  radar  warning 

and  HR,A/.()  avionics  processing. 


t 

! 
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figure  I 7,  Radar-warning  recelvei. 


RADAR-W  ARMNG  I UNCTION 

for  railar  warning,  the  ARW.S  uses  an  amplitude,  monopulse,  direction-fiiuling  (1)1) 
system  which  utilizes  four  quadrant  antennas,  crystal-video  receivers,  and  digital  logic.  Hie 
output  of  each  antenna  is  passed  to  a .Vband  crystal-video  receiver,  and  the  pulse  outputs 
Irom  these  receivers  are  digitized  and  compared  in  the  digital  processor.  The  processor 
keeps  track  of  the  signals  in  all  bands  and  provides  input  of  azimuth  and  amplitude  to  a CRT 
within  2 seconds  after  its  first  detection.  Threat  characteristics  and  angular  position  are 
presented  in  the  form  of  a stable,  prioritized,  alphanumeric  display  on  the  ARW'S  CR  T.  A 
rough  approximation  of  range  is  made  using  the  signal  strength  of  the  received  signals  and  is 
displayed.  Rl’I-style.  on  the  bearing  lines. 


BRA/.O  AVIONK  S I UNCI  IONS 

Avionics  processing  for  BRA/.O  is  performed  by  a section  of  software  in  A l AC 
called  the  BRAVI-  Avionics  I’rocessor  (BAI*).  BAl’ assembles  anil  maintains  the  BRA/O  sys- 
tem track  tile  known  as  the  Active  largei  table  (AIT),  implements  operator  directives  for 
system  mode  changes  and  target  selection,  and  displays  BRAZO-detected  emitters  on  the 
ARWS  display.  Details  of  the  BAP  software  are  contained  in  .Section  .S. 

the  lest  Van  at  BRAT  I- AC  contains  a ilevice  which  performs  lunctions  similar  to 
those  of  BAP  for  the  purpose  of  testing  the  BRA/O  missile  without  having  to  use  the 


avionics  on  hoard  the  aircralt.  This  device  is  also  referred  to  as  BAl’  (BRA/O  Avionics 
1‘rocessorl.  To  distinguish  hetween  these  two  systems,  tlie  BRAVli  Avionics  Processor  will 
he  referred  to  as  A1V\('/BAP  signifying  the  software  implementation  of  BAP  in  the  A I'AC 
processor.  I'he  latter  ( BRA/.O  Avionics  Processor),  which  is  discussed  in  Section  h,  will 
he  referred  to  as  the  ( IK  'BAP. 


A I A(  PROn  SSOR 

■ATAC  is  a moilular,  compact,  high-speeil,  digital  processor  which  performs  data- 
processing  system  control  functions.  Al  .AC  utilizes  a microprogrammed,  wide-data-path 
micromemory.  It  is  a Ih-bit  parallel,  stored  program,  two's-complement  computer  with 
instructions  which  have  a variable  format  anil  can  directly  address  up  to  (i,‘'536  words  of 
memory,  with  direct,  immediate,  relative  and  indexed  addressing  modes.  Hie  processor 
contains  1 6 general-purpose  registers  which  may  he  used  as  accumulators  or  as  index  regis- 
ters. thus  eliminating  much  of  the  memory  aceessing  reiiuired  for  single-accumulator 
machines.  I'he  processor  allows  up  to  4 bidirectional  direct  memory  access  (DMA)  channels 
which  independently  operate  at  a data  rate  of  over  1.1  MHz. 


BRAZO  INTLRFACE  MODULE  ( BIM ) 

The  BRAZO  Interface  Module  provides  the  reipiired  interface  and  format  conversion 
hetween  processors  and  other  elements  of  the  system.  The  interface  block  diagram  is  shown 
in  figure  18. 

The  hulk  of  the  interfacing  between  ARW.Sand  the  BRAZO  system  (M.SDP.  .\PO-’2, 
B('P)  takes  place  via  the  link  hetween  the  ARWS  and  the  BIM  with  all  information  transfers 
controlled  by  ARWS.  Information  transfer  from  ARWS  begins  with  the  I O demand  signal 
which  dellnes,  for  the  BIM.  the  time  during  which  data  and  commands  from  .ARWS  are 
valid  and  which  strobes  data  into  the  interface  registers.  Hie  BIM  sends  hack  an  1 O acknowl- 
edge ( I 'O  A('K ) when  the  data  have  been  received  and  the  I O demand  is  reset  indicating  the 
end  of  this  particular  data  transaction. 
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f'lHute  IS.  BRA/O  inierlace  module  block  iliagtani. 


AKWS-MSDP  DAI  A 1 X(  11AN(.I  S 

Messages  between  the  ARW'S  and  MSDI’  are  lormatled  into  K-hit  bytes  and  40-b\te 
messages  including  3 bytes  of  "overhead”  tor  ID  word,  number  ot  b\  tes  tVIlowmg.  and 
check-sum  word.  The  contents  and  times  ol  messages  are  determined  by  .ARWS  software. 

I he  threat-model  table  is  sent  m 40-byte  messages.  Ihus.  it  3.5  threat  models  were  described 
III  the  first  40-byte  message,  the  second  40-byte  message  would  start  with  the  middle  ot  the 
lourth  threat  model.  Link-error  rale  is  controlleil  by  the  check-sum  and  acknowledge  nol- 
acknowledge  process.  Overllows  are  ignored  in  the  check-sum  generalnm  process.  The 
hand-down  track  number  and  parameters  message  is  also  the  1 R.A(  K command.  W hen 
MSDI’  data  airive.  a radar  ( AN 'AI’(,)-72 1 data  demaml  occurs  tor  ,AN  Al’t,)  "’-  MSDI’ 
correlation. 

Messages  which  can  be  transmitted  between  the  ARWS  and  the  MSDI’ are 

Ihreat-model  table, 

I reeiuency-control  tables, 
largel  parameters. 


ll.iiul-ilown  track  number  and  parameters, 
IVrsition  head. 

( late  set. 

A(  K and  NA(  K, 

Search, 

I rack  aiul  launch,  anil 
Status. 


AKWS  AN /AP(>72  DATA  I XCHANGI 

Messages  which  are  to  be  sent  between  the  ARWS  and  the  AN'AI’(>72  via  the  HIM 

include: 


A/  and  Id  target  position  to  ARWS, 

A/  and  H antenna  positions. 

Target  range  to  ARWS.  and 
Target-range  rate  to  ARWS. 

II  the  data  are  to  be  sent  to  the  APQ-72,  the  HIM  will  generate  an  interrupt  lor  ARWS. 

ARWS  will  respond  by  sending  BIM  2 bytes  ol'  inl'onnation.  each  with  a command  word 
defining  that  inlormation.  Numbers  1 and  2 are  given  it  the  handotr  target  is  an  .ARWS- 
tound  emitter. 

When  AN  APQ-72  data  are  to  be  sent  to  the  ARWS.  ARWS  outputs  an  A I)  convert 
bid  to  the  BIM.  The  BIM  converts  the  analog  data  from  the  AN  'APQ-72.  and  tills  the  I II  () 
output  butter  with  the  resulting  data  words,  and  interrupts  ARWS.  In  response,  ARWS  reads 
these  words  in  a predetermined  order  as  follows:  ( I ) a/inuith,  (2)  elevation,  (3)  range,  and 
(4)  range  rate. 


ARWS-BRAZO  CONTROl.  PANT  L (B(T)  DATA  I XrilANC;!  S 

ARWS-to-B('P  exchanges  via  the  BIM  deal  with  mode  commands  and  status.  Pushing 
a mode-command  button  on  the  B('P  causes  a BRAZO  interrupt  to  be  generated  and  sets  one 
ol  bits  4 to  7 in  the  status  word  to  ARWS.  ARWS  reads  the  status  word  and  pertorms  the 
indicated  mode  change.  When  this  has  been  accomplished.  ARWS  sets  one  of  bits  1 to  4 of 
its  status  word  2 and  outputs  this  word  to  the  BIM.  The  BIM,  in  turn,  sets  a MODI  -status 
bit  in  its  register  which  controls  lights  on  the  BCP,  causing  the  appropriate  mode-status  indi- 
cator to  light. 


WEAPONS-C  ONTROL  SYSTEM 

The  I -4B  Aero- 1 A weapons  control  system  consists  ol  the  tollowing  major  groups  of 
eiiuiptnent  AN/APQ-72  radar  set,  cw  transmitter,  target-intercept  computer,  and  missile- 
tiring  circuits.  A liinctional  block  diagram  ol  the  Al  RO-I  A M('S  (less  the  missile-firing 


circuits)  is  shown  in  figure  19.  Tlie  AI'K()-1  A has  been  inodifieci  to  display  the  prioriti/ed 
BRAZO  targets,  to  acquire  a designated  target  either  manually  or  automatically,  and  to  per- 
form the  initialization  and  computation  necessary  to  launch. 


Figure  19.  Functional  AFRO-I  A block  diagram. 


I-IRF-CONTROL  RADAR 

The  AN7APQ-72  fire-control  radar  provides  a search  and  track  capability.  It  is  capa- 
ble of  range  and  angle  tracking  a target  when  lockon  has  been  accomplished.  A home-on-jam 
mode  can  be  used  if  jamming  is  encountered  while  locked  on.  The  AN  AI’(,)-72  may  he  locked 
on  the  target  by  manual  or  automatic  positioning  of  its  acquisition  symbol,  and  range-strobe 
position  data  can  be  generated  in  the  BIM  from  BRAZO  target  data. 

Once  the  AN/APQ-72  radar  is  locked  on  the  target,  it  provides  azimuth  and  elevation 
data  to  the  ARWS  for  correlation  with  BRAZO  data.  If  data  correlation  is  correct,  the 
operator  is  informed  via  display.  If  incorrect,  the  operator  switches  the  AN  APO-72  back  to 
the  acquisition  mode  and  manually  repositions  to  a new  target.  One  output  of  the  BRA  IT.\C' 
•System  tests  will  be  to  determine  if  automatic  repositioning  is  possible.  The  AN '.APO-72  has 
been  modified  to  provide  antenna-position  data,  acquisition  and  range-strobe  position  data 
from  an  external  source,  and  a lockon  indication  to  the  ARWS  to  initiate  correlation 
processing. 

DISPLAYS  AND  CONTROLS 

The  BRAT!' AC  test  program  utilizes  existing  weapons-system  controls  and  displays. 

I he  AI'R()-I  A weapon-control  system  (including  the  AN/APQ-72  radar)  controls  and  dis- 
plays are  supplemented  with  a BRAZO  Control  Panel  (BCP)  and  ARWS  controls  and  displays, 
ie,  mode  control  and  status  unit  (MCSU)  and  the  ARWS  ('RT. 


MODJ  CONTKOi  AM)  STAI  L'S  I'M  1 


Ilk'  Ironi  panel  o!  the  MCSl'  is  shown  in  I'iyure  20.  The  search,  track,  aiui  launch 
link  lions  ol  BKA/.O  cannot  l>c  initiated  iinid  the  BRAZO  hutton  on  the  M('SU  is  depressed, 
i'lessini;  the  BRA/O  hiition  alter  ihc  ARW.S  is  p>;wercil  on  and  the  BRAZO  threat  card  has 
i'eet.  suhstituted  lor  the  AkWS  canl,  .u coniplislics  acliitns. 

! lie  BR.AZO  enullei  hhrary  I hreat-Model  and  I rcquency-Control  lahlesare  reatl 
into  the  ARWS  and  immediately  transmitted  to  the  MSDP  and  are  not  retained  in 
ARWS  RAM, 

I he  B.AI’  constants  are  reail  into  ARW.S  RAM  for  later  use,  and 

I he  BRAZO  interrupt  is  enabled.  Prior  to  pressing  the  BRAZO  button,  with  the 
BR.AZ.O  MC  SU  I’ROM  card  in  place,  no  BRAVfi  processing  can  take  place. 

I he  Bl  F (built-in  test ) light  on  the  MCSU  is  activated  for  error  modes  in  ARWS.  A lilT  error 
Hag  will  be  set  it,  alter  the  ARW.S  attempts  to  semi  a message  10  times,  10  consecutive  NAK’s 
are  received. 


Pigure  20.  Mode  control  and  status  unit 
lor  BRAZO  operation. 


ARWS  DISPLAY 

I he  ARWS(  RF  used  to  display  ilctected  emitters  is  shown  in  ligurc  21.  Presentation 
ol  ARWS-detected  emitters  is  limited  to  the  single  highest-priority  threat,  litis  emitter  will 
always  be  markeil  with  a diamoml  enhancement  symbol.  As  many  as  0 other  emitters,  all 
BRAZO  targets,  will  be  displayed.  The  highest-priority  BRAZO  target  will  be  marked  with  a 
box  enhancement  symbol.  1 he  target  so  marked  is  the  one  which  will  be  handed  oil  to  the 
BRAZO  missile  when  I RACK  mode  is  commanded  trom  the  BCI*.  F'he  operator,  pilot  may 
change  the  marked  target  by  switching  to  STF  I’  on  the  MCSU.  latch  time  this  switch  is 
pressed  the  next  lower-priority  target  will  be  marked  with  (he  enhancement  symbol.  Switch- 
ing to  Rl  SI  1 will  place  the  box  back  on  the  highest  priority  target.  Pressing  the  PRIORITY 
button  will  cause  the  number  of  BRAZO  targets  displayetl  to  he  reduced  from  ‘)  to  4. 


.M) 


Figure  21.  ARWS  display. 


BKAZO  CONTROL  PANLL  (BCP) 

riic  BCP  ( t'igure  22 ) cnuhlcs  tlic  RIO  to  control  all  BRAZO  operations  during  BR  A I 
I- AC  tests.  Air-speed  and  altitude  potentiometers  on  the  BCP  provide  control  ol  the  air  data 
simulator. 


Figure  22.  BRAZO  coni rol  panel. 


AN  APO-72  CONTROLS  AND  DISPLAYS 


I'lpiirc 


The  symholojiy  lor  the  AN/APO-72  searcli,  aeciuisition  and  track  modes  is  sliown 


AN/APQ  - 72 
SEARCH  MODE 


AN/APQ  - 72 
ACQUISITION  MODE 


RANGE  STROBE 
AND  TARGET 


HORIZON  LINE 


RA STROBE 


R MIN  STROBE 


RANGE  RATE  CIRCLE 
AIM  DOT 

RANGE  RATE  GAP 
ELEVATION  Sl ROBE 


ELEVATION  COMMAND 
STROBE 


B - SWEEP' 


HORIZON  LINE 
ASE  CIRCLE 


AN/APQ  - 72 
TRACK  MODE 


l ipure  2.L  AN/APD-72  display  symbnlogy. 


SH  TION  n\  I SOMK  XRl 


The  HRA70  system  under  test  eontains  2 main  processors  the  MSOP.  which  per 
lorms  all  ot  the  BR  \/()  functions,  and  the  ATA(  . which  perl'orms  the  BR  A\'l  tunclions 
There  are  also  2 support  processors  at  BR  ATI  AC  A Texas  lnstrurnents-‘>‘>0  iTI^'^O)  sys- 
tem. located  in  the  test  van.  performs  data-acquisition  and  reduction  functions.  The  Data- 
Acquisition  .System  (IVASi  is  tliscussed  in  Section  (i  Also  located  m the  test  van  is  an 
Intel-XOKO  system  which  simulates  the  BR.AVT  tunctions  m oriier  to  allocs  operation  ol  the 
MSDP  without  .ARN^  S support.  This  pnreessor  is  discussed  in  .Section  0.  The  software 
vchich  IS  resident  in  the  C'lK  -40'^)  (MSOP  Softwareiand  the  AT  AC  ( AR\^S  Sottvsarei  is 
discussed  in  the  following  sections. 


MSDP  software 

The  ri>r-464  minicomputer  in  the  MSDP  performs  functions 

Searches  tor  threat  pulses  and  matches  them  with  threat  models 

iSl  AR(4I  Processorl. 

Performs  pulse  tracking,  angle  tracking  and  target  lockon 

(TRACK  Processor),  and 

Performs  tracking  to  proviiie  autopilot  steering  commaiuK 

( I A r N f I ) Processo  r I . 

The  BR.A/.O  Supervisor  routine  oversees  these  MSDP  software  moilules  and  calls 
other  routines  to  handle  commands  from  the  B AP  and  from  the  P \PP.  Commanils  tiom 
these  external  sources  are  received  as  interrupts.  When  an  interrupt  is  received,  control  ot 
the  processing  is  traiislerred  to  the  appropriate  routine.  1 his  routine  is  determined  In  the 
level  of  interrupt.  The  lowest  prioritv  internipt  is  the  P.AI’P  interrupt  with  the  B \l’  inter 
rupt  second  m prioritv.  Ihe  highest  priontv  interrupt  is  a clock  interrupt.  This  mteriupi 
comes  from  an  external  clock  every  2 milliseconds  aiul  is  used  lot  timing. 


SI  ARCH  PROCI  SSOR 

The  STARCH  I‘rocessor  is  responsible  for  surveying  the  threat-parametei  sp.ice  m Ih 
1)1  channel  of  the  receiver  for  the  presence  of  target  pulses,  l argets  which  are  found  In  tiu 
SI  ARCH  Processor  are  reported  to  the  B AP  for  classillcation  aiul  lurther  ulentilu  ation 


I R.A(  K PROn  SSOR 

The  I RACK  Processor  is  responsible  tor  pulse  tracking  and  target  lockon  When  the 
BAP  commands  Ihe  MSDP  to  track,  the  BRA/.O  track  processor  is  called  upon  to  lind  Ihe 
target  specilied  by  Ihe  BAP.  This  is  one  of  the  targets  louiul  m Ihe  SI  AR(  11  moile  and 
chosen  by  Ihe  operator  tor  tracking.  Wr'hen  the  target  is  fouiul,  |mlse  tracking  is  perlonned 
to  retain  target  lockon,  then,  angle  tracking  is  perlonned.  Ihe  p,ir.imelers  ol  Ihe  l.irgel  ,iie 
periodically  reported  to  Ihe  BAP  for  correlation  with  Al  radar  data. 


LAUNCH  PROCLSSOR 


I'ho  LAUNCH  ProcL-ssor  tracks  the  target  aiul  provides  steering  commands  to  tlie 
Autopilot  after  launch.  Tlie  same  pulse-track  and  angle-track  routines  are  usetl  as  in  the 
I RACK  Processor,  pulse  track  is  used  for  target  lockon  and  angle  track  is  used  to  drive  the 
autopilot  steering  commaiuls.  When  LAUNCH  mode  is  entered,  target  parameters  and 
time-to-impact  are  sent  ti)  the  MSDP  from  the  BAP.  A set  of  countdown  time  and  gain- 
value  pairs  is  also  handed  down  and  used  to  update  the  steering  gain  tt)  a specific  value  at 
specilic  times  to  provide  finer  autopilot  control  as  the  countdown  time-to-impact  approaches 
zero. 


ARWS  SOFTWARE 


RW  R PROCI  SS1N(. 

RWR  processing  includes: 

I hreat  characteri/ation. 

Angular  positions  and  range  of  threat,  and 
■ARWS  display  drive. 


BRAVL  PR()(  I SSINC 

BRAVI  processing  includes 
l lireat  file  sent  to  M.SDP, 

Mode  commands  to  MSDP  determined  and  translerred, 

AN'AI‘0-72  and  BRA/.O  target  ilata  correlated,  and 
Active  larget  I able  (All  I maintained. 

I he  software  describeil  m this  section  is  (he  BRAVI  soltware  resident  in  A L.AC.  Lhe  A LAC/ 
BAP  program  is  a separate,  interrupt-ilriven  element  m tlie  ARWS  program.  When  BRAVI 
processing  is  not  hemg  performed,  RWR  sottware  controls  the  ARWS. 


CLLAR  MODI-  As  discussed  m Section  2,  BRAVI  (irocessing  m the  .ARWS  is 
initiated  by  a Cl, I AR  moile  command  from  the  MCSlf  Lliis  causes  an  interrupt  which  halts 
RWR  processing  and  begins  BRAVE  processing. 


SI'.AR(  H MODE.  In  SI  ARCH  mode,  the  BAP’s  main  function  is  to  maintain  and 
update  the  A l l . numbering  the  targets  by  priority.  Lhe  A l AC'BAP  commands  the  MSDP 
to  begin  search,  then  returns  to  normal  RWR  processing.  When  the  MSDP  sends  back  param- 
eters on  targets  located,  A l AC/BAP  checks  parameters  against  the  A I L aiul  assigns  priorities 
to  the  targets.  lhe  highest  priority  targets  (‘)  BRA/O  and  1 RWR)  are  entered  into  the  ATT 
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iiml  dis|i|jyai  on  the  ARWS  CRT.  File  remaining  targets,  anil  targets  wliielt  are  subsequently 
bumped  From  the  table,  are  deleted  from  Further  processing.  Alter  each  set  oF  target  param- 
eters is  displayed,  control  of  the  ARWS  processing  is  returned  to  the  Software  Supervisor 
until  another  MSDP  interrupt  or  mode  change. 


I RACK  MODF.  W'hen  TRACK  mode  is  commanded,  the  AT  .\C 'HAP  sends  a mode- 
change  message  to  the  MSDP,  then  searches  the  A I T and  hands  down  the  highest-priority 
target  parameters  to  the  MSDP.  IF  the  MSDP  cannot  llnd  the  target,  a “not-Found”  message 
is  sent  to  ATA('/BAP,  and  the  process  is  repeated  with  the  next  highest-priority  target.  I ach 
time  the  ATAC/BAP  receives  target  parameters  From  the  MSDP,  it  updates  its  target  informa- 
tion For  AN/APQ-72  correlation.  IF  the  ATAC/BAP  receives  a “lost-target”  status  From  the 
MSDP  and  the  lost  target  was  tracked  For  less  than  I second,  the  next  priority  target  will  he 
sent  to  the  MSDP  For  tracking.  If  a target  was  tracked  For  more  than  I second  before  being 
lost,  the  ATAC/BAP  will  dump  the  old  ATT  and  return  to  STARCH  mode. 


LAUNCH  MODL.  When  LAUNCH  mode  is  commanded,  the  time-to-impact  and  a 
track-loop  gain  versus  time-to-impact  table  are  computed  by  the  ATAC/BAP.  These  data 
are  sent  to  the  MSDP  along  with  a LAUNCH  command.  When  atigle  lock  is  achieved  by  the 
MSDP.  the  operator  will  be  informed  via  an  indicator  light  on  the  BCP.  When  the  missile  is 
fired  or  angle  lock  is  lost.  ATAC/BAP  automatically  returns  the  system  to  (’LL  AR  mode. 


SI  rrioN  SIX,  instuumi  ntation  van 


The  instruiiioiitation  v.m,  i.limcnsioncU  H loet  liy  20  leet*.  Iioiisos  the  lost  o(|ulpmont, 
power  soiiroos.  Oisplass  aiul  oonirols.  a tost-oondiiotor  oonsolo.  and  work  areas  lor  up  to  3 
test  persons.  I Itis  van  is  shown  in  tijinre  24. 


riie  test-eondiielor  console  contains  tlie  instrumentation  aiul  controls  reipiired  by  tile 
test  conductor  tor  inonitorint:  and  controllmg  the  HKA/(J  test.  Other  lest  instrumentation, 
such  as  the  data  acciuisition  system  (DAS),  tarfiet  simulators,  jammers,  limini!  equipment.  IM 
recording!  eciuipment.  and  dijiital  recortliiif'  e(|Uipment,  is  contained  in  a set  ol  instrumentation 
racks  near  the  test-conductor  console. 


I toot  = upproxiinatcly  0..^  nuMro. 


l)\T\-ACQUISmON  SYSTEM  (1)AS» 


rile  BR.AZO  missile  system  and  associateil  aviomes  eiimpmenl  are  hijihly  diftitall^ 
oriented  Praetieally  all  weapon-system  t'lmetions  are  controlled  either  by  the  KWK  processor 
( A r.A(')  or  the  MSDP  (('!)C-46h );  consei|Ucntly , digital-system  parameters  are  conveniently 
available  at  1 ()  ports.  Ihe  digital  DAS  monitors  HRA/.O  system  ilata  transters  occurring  at 
the  B aiul  1)  busses  tie.  digital  side  of  D A and  A D converters!  ol  the  \1SDP  and  on  the 
parallel  side  of  the  BIM  as  well  as  reference  instrumentation  where  test  input  parameters  arc 
available  I he  parameters  which  are  monitored,  time  taggeil,  and  recorded  are  summari/ed 
m table  .S. 


TAIU.P  .“i,  DAS  RliCORDI DPAR.AMf  TI  RS 


MONirORlNG  POINT 

DKil  l AL  DATA 

HIM 

AN/APO-72  TAR(,t  T DAI  A (A/.  11  , /.DS  DATA  (SIMUIATID  AIK 

R.  R.  LOCK-ON)  SPl.l  1)  AND  Al  ITTUDf  ) 

ARWS  TO  AN/APO  7:  DAI  A (A/,  11.,  MDP  TO  ARWS  MLSSAt.l  S 

1ST  R) 

ARWS  TO  MDP  Ml  SSAC.I  S 
(1  .\(  1 PT  IMT  AND  fCT) 

H AND  1)  HUSSI.S 

MODI: 

INPUT  (‘)  HUS) 

OUTPUT  ((J  HUS) 

SI.  ARCH 

ITIO  A/D(DISCR.  1.  P.  V.PW.TL) 

1 O TUM 

TRACK 

LAUNCH 

SLOW  A D(P.  N -(D  RO.  AND  Pl.AT- 
1 ORM  FOLLOWUPS) 

ALU  SUMSIVP.  VP,1R.  P.  y . PW 
DISC  R) 

1.0  TUNl  . PRI  (.  \ l 1 

P.  y PI  ATLORM  DRI\  1 
P.  y 1 RROR 
Al  1 THRI  SHOl  l)s 
( p.  y . pvy  Dis(  R) 

TC(. 

nil  MM'SS  \.\ 

MOUNT  POSITION 

12-HIT  A/IMI  TH  1 N( ODI  R (0  1 DK.RI  I ) 

l AKCUT  SIMULATOR 

1 Rl  OUL.NCY,  PW.  POWI  R 1.1  VI  I . SCAN  R \ l 1 

1 AC  1 1(  Al.  DATA 
SYSTI  M ( A.SW-:5) 

INTI  RRUn  A/.,  RANC.L,  ALTITUDl 

I'he  BRA  1 1 ,A(  data  acriuisition  system  (DAS)  (figure  2.S)  is  built  around  a le\as 
Instruments  ddO'IO  minicomputer  with  .^2  K words  of  memory . Peripheral  eiiuipment 
includes: 

Video  display  terminal. 

1 me  printer, 

('asset te  terminal, 

Disc  drive,  arul 
d-track  tape  drive. 
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I igure  2(i.  DAS  block  diagram. 

riic  video  display  Ivmiinal  acts  as  a real-time  monitor  ot  digital-system  pertormance. 

( ontrol  ot  the  DAS  may  also  he  handled  hy  this  terminal.  Test  results,  raw-ilata  listings,  and 
ilocumentation  are  printed  on  the  line  printer  ot  the  DAS.  T he  '^T-traek  tape  drive  aiul  line 
printer  comhmation  proviiles  raw-data  recording,  printout,  and  2 separate  means  ol  recording 
test-data  results  anil  documentation  Kaw  data  and  test  results  on  magnetic  tape  may  he 
transported  easily  to  other  computer  systems  lor  turther  data  analysis. 

The  disc  drive  houses  a I ortran  compiler  and  a soil  ware  support  library.  Data- 
reduction  software  may  also  reside  on  disc  or  may  enter  the  system  via  cassette  tape  or 
keyboard  on  the  cassette  terminal  I his  allows  the  data,  recorded  during  a test  day.  to  he 
reduced  before  the  ne.xt  day's  tests  Output  listings  are  then  available  for  a "(juick-look" 
analysis  before  proceeding  with  further  testing  Interfacing  with  HKA  1 1 AC'  system  elements 
is  accomplished  easily  by  standard  I l-‘>0()  system  interface  components  sup|ilied  by  lesas 
Instruments. 


TARGtT  SIMULATOR 


riu.'  BRA  IT  AC  target  simulator  consists  of  liardware  which  is  built  by  Antekna,  Inc. 
I'he  major  components  of  the  system  arc: 

•Model  1418-1  1 . multiple-scan  pulse  generator. 

Model  3400-05.  fast-tuning  source/nioilulator,  and 
Model  7450,  controller  subsystem. 

A simplified  block  diagram  of  the  target  simulator  is  shown  in  figure  27. 


Figure  27.  Targei  simulatoi  conliguralion. 

rile  multiple-scan  pulse  generator  generates  scan  and  pulse  patterns  reriuired  to 
simulate  simultaneously  up  to  16  pulsed  emitters.  It  may  be  programmed  by  the  D.AS 
processor,  using  a standard  RS-232('  interface,  to  generate  pulses  with  I’RI  ol  0.5  to 
6550  /is  and  pulsewidths  of  0.1  to  25.5  /as.  I he  following  scan  patterns  may  also  be 
programmed  using  fixed  or  variable  rates: 

Circular. 

Iraek-while-sean. 

(.'onieal. 

Sector, 

Raster. 

Spiral,  and 
Palmer 

The  following  moilulation  modes  arc  available: 

PRl  slide. 

Random  pri. 

.Multiple-position  stagger. 

Pulse-burst  group,  and 
CW 
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rile  source  modulator  generates  up  to  1 5 dilTercnt  t'rcquencies  and  1 5 different  rf 
levels,  riiese  signals  are  modulated  by  the  multiplexed  scan-input  signals  and  pulse  trains 
Irom  the  pulse  generator  to  simulate  the  pulsed  emitters.  Tlie  source/modulator  and  pulse 
generator  are  controlled  by  the  controller  subsystem  to  create  a dense  rf  environment. 


J AMMING  SIMULA  lOKS 

Three  jamming  simulators  are  available  to  BRATFAC  to  provide  an  T.CM  environment 
ilurmg  selected  portions  of  the  test  program.  These  are  a noise  generator,  a serroilyne 
repeater,  and  the  AN  l)LQ-3. 

NOlSi;  GLM  RA  TOR 

The  noise  generator  provides: 

Continuous  noise  with  a bandwidth  of  5 Mil/., 

Blinking  noise,  2 seconds  ON,  2 seconds  OFT,  or  2 seconds  ON,  1 second  OFF, 
with  40-dB  isolation, 

Fither  manual  or  remote  tuning,  and 

Adjustable  power  to  100  watts,  effective  radiated  power. 

SFRRODA  NL  RFPFATFR 


This  repeater  provides; 

Serrodyne  from  0 to  1 20  kHz., 

Deviation  time  from  4 to  16  seconds. 

Input  attenuation  from  0 to  .^0  dB.  and 
Power  of  20  watts. 

AN/DL(>3 

Ihis  eejuipment  contains  a BU-200  digitally  programmed  modulator  and  6 pre-set. 
repetitive,  pulse-repetition  rate  and  duty-cycle  programs. 

lIMF-CODh  Cl  Nl  RATOR 

1 he  DA'I  UM  Model  0 1 50  time-code  generator  is  the  time  standard  for  BRA  1 1 A( 
testing  (tigure  28).  The  significant  components  of  this  unit  are  described  in  the  following 
paragraphs. 
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•*,  DDD/HH/MM/SS 


l ijuirc  2H.  ritiie-codc  generator. 

FKl.OUl  NC'i  S()UR(  F 

I lic  t'rcquciK>  source  is  a crystal-controlled  oscillator  or  a 1-Mll/  external  input. 

MINOR  TlMl.  ( OUN  I I R 

riiis  unit  (3  counters)  divides  the  IVetiuency  of  the  source  signal  and  develops  the  scan 
terms  and  rates  retpiired  to  ilevelop  serial  time-code  lormats.  ihis  unit  also  supplies  a 1-pps 
signal  which  is  used  to  uirdale  the  major  time  counter. 

M.\.IOR  I IMl  ( ()1;M  I R 

Ihis  counter  stores  the  accumulated  time  count,  usually  in  seconds,  minutes,  hours, 
and  days.  I he  accumulated  count  is  the  basis  for  the  BCD  parallel  output  supplied  hy  the 
unit 

( OUM  1 R ( ()M  ROl 

Hie  counter  control  is  used  to  manualK  synchroni/e  the  major  time  counter  and 
(.onsists  of  switches  to  select  and  enter  the  time  of  ilay  into  the  major  time  counter. 
Synchrom/ation  with  radio  station  W\V\  is  also  available  as  an  option  aiul  allows  setting  ol 
the  time-code  generator  to  the  broadcast  time  standard  within  an  uncertaintv  of  less  than 
2 milliseconds. 

DISPLAY 

Ihis  section  receives  data  Irom  the  major  time  counter  and  provides  an  LI  D display 
ol  the  accumulateil  time  for  the  benefit  ol  the  user. 
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I’KOGK  AMMtR  CONSOL  I S 


The  programmer  consoles  provide  tor  programming  and  debugging  the  computers 
I lte  ( I)C'-4b‘^  programmer  console  and  tlie  separate  video  monitor  will  be  useil  as  a backup 
tor  the  ( IK -4(>b  software  checkout  and  the  hartlware  maintenance  wlien  the  HAP  is  not  m 
operation  l igure  is  a front  view  of  the  consok  and  video  monitor 
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figure  2'>.  riX'-4<)U  prograimiier  eoioule 


Control  of  A I AC  l(;r  programming  and  debugging  is  provideil  by  the  A I AC1(> 
control  panel  ( figure  30).  I bis  control  panel  allows  the  programmer  to  enter  instructions  in 
hexideeimal  form  into  specified  addresses  in  memory  I he  addresses  ami  their  contents  are 
displayed  on  the  panel.  Cotitrol  is  also  provided  for  entering  the  bootstrap  loader  into  a 
specific  area  of  memory  and  executing  it  to  load  a program  from  an  external  device  such  as  a 
paper-tape  reader.  I'or  debugging  purposes,  the  contents  ot'  the  various  registers  can  be 
displayed  as  well  as  specific  words  in  memory  Controls  are  also  provided  for  loading  the 
program  counter  and  for  executing  the  program  a single  step  at  a time 


Figure  30.  ATAC'-l  6 control  panel. 

I{.\amples  of  control  entries  are: 

I'inter  a hexideciinal  value  into  the  keyboard  (KB)  register, 
Inspect  or  change  contents  of  a AT AC  memory  address, 
Knter  10  consecutive  memory  locations  with  a constant. 
Inspect  or  change  contents  of  general  or  special  registers, 
lixecute  one  (or  more)  single  AT  AC  instruction(s). 

Run  an  ATAC  program. 


BRAZO  AVIONICS  PROC  tSSOR 


rtie  purpose  of  tlie  ( DC  BRAZO  Avionics  Processor  ((  IK  BAP)  is  to  complete  the 
(.lijtital  eoitiimmic'ation  link  tor  the  MSDP.  provide  the  necessary  ilata  in  the  proper  tormat 
tor  controllinj;  the  MSDI’.  anil  to  provide  a means  of  receiving,  processing,  and  displaying  the 
digital  data  transmitted  from  the  MSDI*.  I he  ( IK  BAP  (figure  .^1  ) was  intended  for  use  only 
111  the  initial  laboratory  checkout  and  testing  of  the  MDP  During  on-site  system  testing  and 
evaluation,  it  will  be  replaced  by  the  A r,A(''BAP  incorporated  into  the  radar-warning  receisei 
(KWR),  However,  the  ( DC  BAP  will  be  available  on-site  as  a back-up  tor  the  A I,\C/B\P  so 
thaMnd^ependent  tests  may  be  conducted  on  the  BRAZO  seeker 


1 iguie  ,H  ( IK  -HK.AZO  avionics  processor. 

Hie  ( IK/BAP  consists  ol  a microprocessor  (Intel  XOXO).  a magnetic-tape  cassette 
drive,  a leletype  (I  1 'l  ),  aiul  a cathode-ray  tube  (CR  1 ) display  and  keyboard.  I he  lunctions 
ot  the  ( IK  B.AP  include 

DISPIA't Ol  DM  A RK  I IVl  D I ROM  I III  MSDP 

I he  [uirpose  ol  tlie  display  function  is  to  provide  the  operator  with  v isual  results  ot' 
the  MSDP  operation  Also  included  are  the  location  of  corresponding  data  in  the  data  base, 

I converting  the  data  Irom  binary  to  digital  Ibrm,  and  decoding  and  displaying  error  messages 

and  MSDP  status  messages  Hie  ( R I is  used  for  this  function. 


J 
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PROChSSINC  OF  MS1)P  COMMANDS  FNTF.RFD  BY  rHF:OPFRATOR 


I'hc  purpose  of  tlie  coniinancl  function  is  to  collect  the  appropriate  data  from  the 
data  Base,  format  them  into  the  proper  MSDP  message,  and  transmit  the  message  to  the 
MSDP.  1 Ids  function  also  verifies  that  the  MSDP  has  received  the  message  correctly.  I he 
CR  r keyboard  is  used  for  this  purpose. 

SrORAOF  OF  DATA  TABLFS  ON  TtlF  MAONFTIC  TAPF 

File  purpose  of  the  data  storage  is  to  store,  on  magnetic  tape,  the  data  tables  which 
the  MSDP  requires  for  its  operation.  Control  of  the  Jiiagnetic  tape  is  from  the  operator 
commands  entered  from  the  CR  T keyboard. 

RFTRILVAL  OF  DATA  TABLFS  FROM  THF  MAfiNFTlC  TAPF 

Fhe  purpose  of  data  retrieval  is  to  build,  from  magnetic  tape,  the  data  tables  which 
the  MSDP  requires  for  its  operation. 

PROCFSSING  CONTROL  COMMANDS  FNTFRFD  BY  THF  OPF  RATOR 

The  purpose  of  the  control  function  is  to  display  the  operator’s  keyboard  entry, 
decode  the  entry,  and  transfer  program  control  to  the  appropriate  routines  for  processing. 
Although  all  entries  are  in  the  same  format,  some  of  the  entries  control  operations  within 
the  BAP  simulator  whereas  other  entries  control  the  operation  of  the  MSDP. 
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SK  NON  SI  M S 


\n  I -4B  air>.ralt  has  hi'cn  mountcii  on  a ''-iikIi  >uin  lurrit  lor  nso  as  a ti-si  lx\l  lor 
Hk,\/0  ( I'iinirc  321  I he  mount  provules  tlie  sapahilit\  to  tram  the  airs  rail  m a/muilli  with 
hne-ol-sielit  to  the  I'aeilis  Missile  Kaniie  aiul  the  Air  < omhat  Maneiivenne  Kanee  ( A(  MK  i at 
't  lima.  Ari/ona  (tiinire  33)  A j’overnor  eontrols  tlie  slew  late  at  2 slillerent  speeds  10 
ile;:rees  per  second  and  30  decrees  per  second  The  elevation  anjile  is  fised  at  appioximateh 
zero  deprees.  A 1 ?-depree  positional  dead  /one  will  be  initiallv  centered  at  a cvimpass  heaihnp 
ot  45  decrees 


I'lgure  33,  Centrah/.cd  BRATI'AC  location. 


F-4B  MODIFICATIONS 

Ihc  l•-4B  has  been  modified  to  permit  the  carnage  of  BRAZO  missile  at  tlie  riglit 
inboard  external  store  station.  The  modification  includes  the  installation  of  a BRAZO 
control  panel  in  the  rear  cockpit,  installation  of  a modified  LAU-I  7/ A missile  pylon  at  the 
existing  right  inboard  pylon-attachment  hard  points,  and  changes  to  existing  internal  wiring 
to  provide  BRAZ(3  missile  control,  BRAZO  instrumentation  signals,  and  AIM  7F-2  missile- 
firing  circuits  routed  through  the  existing  aircraft  pylon  disconnects  to  the  modified 
LAU-I  7/ A missile  pylon  (figure  34), 
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Space  for  the  BRAZO  Control  Panel  has  been  provided  by  removing  the  Labs  Release 
Angle  control  panel  and  the  adjacent  blank  panel  from  the  rear  cockpit  right  instrument 
subpanel. 

The  LAU-17/A  missile  pylon  modifications  consist  of  repackaging  the  existing  rCi-7(i/ 
APA-128  tuning  drive  unit  to  house  BRAZO  electronic  control  components,  and  rewiring 
the  pylon  to  provide  BRAZO  missile  control  and  firing  circuits  through  connectors  matching 
the  existing  F-4B  inboard  pylon  disconnects. 


COM.MUNICATIONS 

A communication  network  is  provided  between  the  lest  van,  L-4B  aircraft,  and  data- 
storage area  for  test-activity  coordination.  A uhf/vhf  transmitter-receiver  is  also  available  for 
communication  with  aircrews  undergoing  ACM  training  with  those  in  dedicated  aircraft 


APPENDIX  A: 
GLOSSARY 


A(  M 

Air  Combat  Maneuvering 

adn: 

Advanced  Development  Missile 

A1 

Airborne  Interceptor 

ALU 

Arithmetic  and  Logic  Unit 

ARH 

Anti-Radiation  Homing 

ARM 

Anti-Radiation  Missile 

ARWS 

Advanced  Radar  Warning  System 

ATAC 

Applied  Technology’s  Advanced  Computer 

AT  AC  BAP 

BRAVE  Avionics  Processor  implemented  in  ATAC 

ATT 

Active  Target  Table 

B(  P 

BRAZO  Control  Panel 

BIM 

BRAZO  Interface  Module 

B RATE  AC- 

BRAZO  Avionics  Test  Eacility 

BRAVE 

BRAZO  Avionics  Equipment 

BRAZO 

Spanish  word  for  Arm  (acronymn  for  Anti-Radiation  Missile) 

CDC/BAP 

BRAZO  Avionics  Processor  implemented  by  CDC 

CPU 

Central  Processing  Unit 

CRT 

C'athode  Ray  Tube 

C W 

C'ontinuous  Wave 

DAS 

Data  Acquisition  System 

DE 

Direction  Einding 

DMA 

Direct  Memory  Access 

ECU 

Electrical  Conversion  Unit 

ERASE 

Idectromagnetic  Radiation  Source  Elimination 

EIEO 

Eirst-in-Eirst-out 

(iTU 

Guidance  Test  Unit 

1! 

Intermediate  Erequency 

I/O 

Input/Output 

LO 

Local  Oscillator 

MCS 

Missile  Control  System 

MCSU 

Mode  Control  and  Status  Unit 

MSDP 

Missile  Seeker  Digital  Processor 

NEL( 

Naval  hlectronics  Laboratory  Center 
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OMNI 

Omnidirectional 

PAPP 

Pre-and-Post  Processor 

PRI 

Pulse  Repetition  Interval 

PHI 

Pulse  Repetitioji  Frecpiency 

KW'R 

Radar  Warning  Receiver 

IM 

Telemetry 

UART 

Universal  Asynchronous  Receiver  Transmitter 

WCS 

Weapon  Control  System 

YIG 

Yittrium  Iron  Garnet 

API’I  NDIX  B 
BIBLKK.RAPMY 


1.  Naval  1 lcctrt)nics  Laboratorv  CentLT.  BKA/O  lest  I adlity  Master  I st  Plan,  May 

2.  Control  Data  Corporation.  Missile  Digital  Processor  Program  Performance  .Specification, 

3 January  1 ^)77. 

3.  Antekna,  Inc.,  Scenario  Preparation  Ciuide  for  NliLC,  Novemher  1976. 

4.  Control  Data  Corporation,  BAP-MDP  Demonstration  Program,  Task  5,  Innal  Report. 

15  September  1976. 

5.  ITJ  K.  AKWS  Implementation  of  BKAVF  Avionics  Processor  ( BAP),  Status  Report. 
February  to  April  1976. 

6.  Hughes  Aircraft  Company,  Air-to-Air  ARM  Demonstration  Program,  lask  1 7,  Final 
Report.  BRAZO  Avionics  Fxiuipment  (BRAVTd  Aircraft  Integration  Study.  Confidential, 
June  1975. 

7.  ITF.K,  General  Description,  .ATAC,  Applied  Technology’s  Advanced  Computer, 

(Jetober  1974. 

X.  lexas  Instruments,  Inc.,  990  Computer  Family,  Systems  Handbook.  May  1976. 

9.  Control  Data  Corporation,  BAP  Program  Performance  Specification,  3 January  1977. 


